The NASA STI Program Office ... in Profile Since its founding, NASA has been dedicated to the advancement of aeronautics and space science. The NASA Scientific and Technical Information (STI) Program Office plays a key part in helping NASA maintain this important role.
The NASA STI Program Office is operated by Langley Research Center, the Lead Center for NASA's scientific and technical information. The NASA STI Program Office provides access to the NASA STI Database, the largest collection of aeronautical and space science STI in the world. The Program Office is also NASA's institutional mechanism for disseminating the results of its research and development activities. These results are published by NASA in the NASA STI Report Series, which includes the following report types:
• TECHNICAL PUBLICATION. Reports of completed research or a major Significant phase of research that present the results of NASA programs and include extensive data or theoretical analysis. Includes compilations of significant scientific and technical data and information deemed to be of continuing reference value. NASA's counterpart of peerreviewed formal professional papers but has less stringent limitations on manuscript length and extent of graphic presentations.
• TECHNICAL MEMORANDUM. Scientific and technical findings that are preliminary or of specialized interest, e.g., quick release reports, working papers, and bibliographies that contain minimal annotation. Does not contain extensive analysis.
• CONTRACTOR REPORT. Scientific and technical findings by NASA-sponsored contractors and grantees.
• CONFERENCE PUBLICATION. Collected papers from scientific and technical conferences, symposia, seminars, or other meetings sponsored or cosponsored by NASA.
• SPECIAL PUBLICATION. Scientific, technical, or historical information from NASA programs, projects, and missions, often concerned with subjects having substantial public interest.
• TECHNICAL TRANSLATION. Englishlanguage translations of foreign scientific and technical material pertinent to NASA's mission.
Specialized services that complement the STI Program Office's diverse offerings include creating custom thesauri, building customized data bases, organizing and publishing research results ... even providing videos. inner-ring speed in 'pm. ) For aircraft engines, turbomachinery, and drive trains, jet lubrication is used both to lubricate beruings and gears and to control their temperature by removing generated heat. In jet lubri cation the placement and number of nozzles, the jet velocity, the lublicant flow rates, and the removal of lubricant from the bearing and immediate vicirtity are all imp0l1ant for satisfactory operation, Zaretsky (1) .
A more effective and efficient means oflubricating rollingelement bearings is under-race lubrication so that increasing the oil flo w decreases the ring temperature. Conventional jet lubrication fails to adequately cool and lubricate the innerrace contact because lubricant is thrown centrifugally outward. While increasing flow rate results in carrying away more heat, it also adds to the heat generated from oil churning, Zru·etsky (1).
Ring cooling by oil flo w at the exterior ring surfaces has been used for many years for high-speed turbomachinery bearings. To achieve speeds of 3 million DN with angularcontact ball bearings and cylindrical roller bearings, Zaretsky et al. (2) and Signer et al. (3) proposed the concept of "bearing thermal management" as the proper technological approach to high-speed bearing operation. Bearings lubricated through the irtner ring passages were also provided with cooling of the external outer ring surfaces. The basis of this concept was the recogrtition that total and flexible thermal control over the bearing components was essential to achieving a reliable high-speed, highly loaded bearing, Zru·etsky (1) .
Both the conventional jet and the under-ring lublication systems recirculate the oil used as the lubricant. There are rotating machinery applications in which a nonrecirculating lublication system, which operates with minimum possi ble oil flow , could be employed advantageously. Weight and cost reduction of the system might be realized. One such lubricating system that has been used commercially for decades is airoil mist lubrication. Oil-mist lubrication systems have been used extensively for industrial applications, high-speed machine spindles , and in limited aerospace applications. Bloch and Shamim (4) describe these oil-mist lubrication systems together with perfomlance data.
Early work by Schuller and Anderson (5,6) studied and detem1ined the effects of minimum oil flow with air-oil mist lubricated, thrust-loaded, 7S-mm angular-contact ball bearings to 1.2x 10 6 DN under varying loads, oil-flow rates and temperature. They found that the bearings operated satisfactory at very low oil flows with air-oil mi st lubrication usi ng a synthetic diester lubricant (MIL-L-7808). Minimum oil-flow req uirements increased with increases in load and speed. They developed for an air-oil mist lublication system an empitical fom1Ula relating minimum oil-flow requirements as a function of load and speed for successful ball bearing operation.
Research perfom1ed by Morrison et al. (7) with 4S -mm angular-contact ball bearings run to speeds of 135 000 DN nlJ1 with sump lublication and air-oil mist found that the air-oil mist lubrication system resulted in lower bearing temperatUTes on the order of 12 to 15°C (22 to 27 OF). Shamim and Kettleborough (4,8) also compared an air-oil mist lubrication system with a conventional sump lubrication system for 60-mm-bore-angular-contact ball bearings run to speeds of 144 000 DN. Their results were similar to those of Morrison et al. (7) where the air-oil mist lubricated bearing ran 10 °C (18 O F) cooler than the sump lubricated bearing and at a lower power loss. Rosenlieb (9) perfom1ed once-through, air-oil mist lubrication studies with 12S-mm-bore-angular-contact ball bearings made from AISI M-SO steel. The lubricants used in his study were two synthetic paraffinic hydrocarbon fluids and a Type II advanced ester fluid. He demonstrated the feasibility of airoil mist lubrication to speeds of 2.5x106 DN at bearing temperatures of 216°C (420 oF) for periods of time up to 3S hr at an oil-flow rate as low as 3.7xlO-3 elmin. Increasing the air-oil mist temperature resulted in an equal increase in bearing temperature.
In a follow-on study, Rosenlieb (10) demonstrated that an air-oil mist system along with auxiliary air cooling could provide short-teml operation of a 46-mm-bore-angularcontact ball bearing to speeds up to 3x l0 6 DN and temperatUTes up to 264°C (SOS O F) with flow rates as low as 0.9xl0-3 elmin. However (5,6). Increasing the airflow rate for a constant lubricant flow marginally reduced bearing temperature. Bearing temperature increased with speed and to a lesser extent with load and decreased lubricant flow rate. The hybrid ceranuc bearing ran at lower temperatures than the steel bearing by 4 to 8 °C (7 to 14 OF). However, as the lubricant flow rate is increased, the temperatUTe difference becomes inconsequential. This can be atuibuted to the volume of oil entrapped in the bearing beyond that necessary for elastohydrodynamic lubrication (EHD). Initially, the smaller Hertzian contact ellipse with the hybrid ceramic bearing results in lower ftictional losses. Chumillg of the oil at the higher flow rates accounts for the major frictional loss in the bearing resulting in both bearing types having sinUlar temperature values.
In Pinel et al ' (12) we reported the results of our research with high-speed, small-bore, angular-contact ball beatings run to 2.S million DN with both oil jet and under inner-ling lubrication. The results of this research optimized the design of oil-jet lubricated 35-mm-bore-angular-contact ball bearings to a single-outer-ring, land-guided cage with a 24 0 contact angle with a relieved inner ring and a partially relieved outer ring. This design resulted in lower temperatUTe and power loss.
The objectives of the work reported herein are to (1) extend our work with the 35-mm-bore-angular-contact ball bearings to include the effect of air-oil nust lubrication ; (2) define and extend ball bearing operating linlits with ait'-oil mist lubrication ; and (3) compare air-oil mist lubricated angular-contact ball bearing operation with oil-jet lubricated bearings to 2.Sx10 6 DN.
APPARA TUS, SPECIMENS, AND PR OCEDURE H i~h-S peed Bearing Tester
A schematic drawing of the air-tUTbine-driven test machine is shown in Fig. l (a) and was initially described by Pinel and Signer (13) . The test rig consisted of a horizontally mounted shaft supported by two preloaded, angular-contact ball bearings. The test bearing was overhung and mounted in a separate housing ( Fig. 1 (b» that incorporated the hardware for lubrication, oil removal, thrust load application, and instru- mentation for cage speed measurement. The test-bearing torque was measured with su·ajn gages located near the end of an ann that prevented the housing from rotating. Thrust force was applied through the combination of a thrust needle bearing and a small roller support beari ng to minimize test-housing restraint during torque measurements.
Test Bearin::
Based upon the work reported in Pinel et al. (12), a 35-nm1-bore-4TIgular-contact ball bearing with relieved inner and partiall y relieved outer rings, a 24° unmounted contact angle, and a single-outer-ring, land-guided cage ( Fig. 2) was used for the tests reported herein. The specifications for the test bear'-ings are summarized in Table 1 . The bearings were an ABEC 7 grade and each contained 16 balls with a nominal 7. 14-mm (0 .28 1-in.) diameter. The inner and outer rings and the balls were manufactured from consumable-electrode, vacuummelted, AISI M-50 steel. The sUlf ace fini shes of the races were 0 .125 /-1m (5 !Jin.) rms or better. The surface finish of the balls was 0.025 /JI11 ( I !Jin. ). The bearing suIface composite fini sh was 0.130 /JI11 (5.1 !Jin.). The nominal hardness ofthe balls and rings was Rockwell C62 at room temperature. 
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The cage was manufactured from AISI 4340 steel (AMS 64 15) heat-u'eated to Rockwell C 28 to 36 hardness. It was completely coated with a 0.02-to 0.04-mm (0.0008-to 0 .0015-in.) thickness of silver plate CAMS 241 2). The cage balance was within 0.50 g-cm (7x lO-3 oz-in.).
Lubricant
The lubricant used fo r the param etric stu'dies was a neopentylpolyol (tetra) ester. Thi s Type IT oil is qualified to the MIL-L-23699 specifications and also to the intem al oil specifications of most major aircraft engine manufacturers. The major propelti es of the lubricant ar'e presented in Table 2 . After the test machine had been warmed by recirculating heated oil through the SUppOlt bewings, the torque-measllling system was calibrated and a 667-N (l50-1bf) thrust load was applied to the test bearing. The shaft speed was then slowly brought up to a nominal speed of28 000 rpm. When the bewing and test machine temperatures stabilized (after 20 to 25 min), the oil-inlet temperature and lubricant flow rate were set and the speed was increased to the desired value.
A nominal thrust load of 667 N (150 Ibf) was used for these tests. For each conclition, tests were run at nominal speeds of 30 000, 50 000, and 65 000 rpm. A test series was run by struting at the lowest nominal speed, 30000 rpm, and progressing through 50 000, and 65 000 rpm before changing the lubricant flow rate. During testing, if it became apparent that the conditions would result in preclictable clistress of the test bearing or test rig or that the bearing temperature wo uld exceed a predetermined temperature, the test point was aborted. Limiting ring temperature was set at 218°C (425 O F) for the recirculating oil-jet lubrication. A higher ring temperature limit of260 °C (500 O F) was chosen for air-oil mist lubrication, as some degradation of the lubricant was permissible for a "once through" lubrication system.
The shaft speed (inner-ring speed) was measured with a magnetic probe. The ball-pass frequency (cage speed) was measured with a semiconductor strain gage mounted in a cavity of the housing and was clisplayed on a spectrum analyzer.
Regulator ____ , Separator ____ , Two thermocouples were assembled in the shaft so that the cenuifugal force wo uld push them against the test-bearing inner ling. Temperature reaclings were transmitted with a rotating telemeu'y system mounted on an auxiliw'y shaft at the air-turbine end of the test machine. Outer-ring temperatures were obtained by two thelmocouples located 180° from each other.
Lubrication Svstem
Air-Oil Misf-A schematic cliagram of the air-oil mist lubrication system used for these tests is shown in Fig. 3 . The airoil mist system used was identical to that described by Schuller and Anderson (5). By flowing pressurized air into a venuui , the pressure in the venturi is reduced below that in the reservoir and oil is siphoned fro m the reservoir into the venturi. The oil in the venturi is atomized into a fi ne mist and carried into an annular reclassifier and into the bearing. Figure 1 (b) shows the annular reclassifier and a cross section of the test bearing installation. The drain on the reclassifier side is plugged so as to force the air-oil mist through the reclassifier tubes and through the bearing.
The oil flow to the test bearing was regulated by air pressure to the lubrication tank and selection of the size of the capillary. The oil temperature was conu'oIled by regulating the oil tank wall temperature. The average oil-in temperaulre was 49°C (120 OF) at the ventUli entrance. 
----

I
Oil let-For jet lublication, the test beming was lubricated by two jets on the nonloaded side of the inner ring. The jet outlets, located approximately 3 mm (0.12 in.) from the face of the beming, were aimed at the inner raceway. In sepm·ate tests not repolted herein, it was detelmined that a 20-m/sec (66-ft/sec) jet velocity provided the most efficient test beming lubrication so this velocity was used in all the tests reported. The oil-in temperature measured just before the oil jet was 121°C (250 O F) (12) .
RESUL TS AND DISCUSSION
Effect of Lubricant Flow Rate
Our expelience with oil-jet lubrication has shown that the measured bearing temperature after the bearing reaches thermal equilibrium is a function of the bearing load, speed, oil-in temperature, oil-flow rate and volume of oil entrapped in the bearing. At thennal equilibrium, the bearing race temperatures without inner and/or outer ring cooling will always be higher than the oil -in temperature. As the oil-flow rate is increased, the bulk bearing temperature should approach the oil-in temperature. That is, the ring temperature minus the oil-in temperature should diminish up to the point where the heat generated due to power loss from increasing oil churning exceeds the convective cooling capacity of the oil. All oil-flow rates reported herein were kept well below this critical point.
In our experiments, we used two different oil-in temperatures, 49°C (120 oF) and 121°C (250 O F) for air-oil mist and oil-jet lubrication, respectively. These temperatures were selected as perhaps being representative of what may be used in high-speed turbomachinery applications. Thus, in our tests the temperature of the oil-jet lubricated bearing can never be less than 121°C (250 oF). Similar experience or data did not exist for air-oil mist lubrication.
A comparison of the experimental results is shown in Fig. 4 for the test bearing for both the air-oil mist lubrication and oiljet lubrication. The measured inner-and outer-ring temperatures decreased as lubricant flow rate increased for both lubrication methods. Because the heat transfer to the lubricant is a function of the mass flow rate of the oil to bearing, the resultant bearing temperature at constant operating conditions is a function of the lubricant flow rate and the oil-in temperature independent of the oil delivery system. Referring to Fig. 4(a) , because of the lower flow rate to the bearing at 65 000 rpm with air-oil mist lubrication, the bearing ring temperatures are higher than those with jet lubrication even though the oil-in temperature with air-oil mist is 72°C (130 OF) lower. These temperatures exceed our temperature limitation for oil-jet lubrication of 218°C (425 O F). Refelring to Fig. 4(b) , the difference between ring temperature and oil-in temperature is shown as a function of lubricant flow rate. These are the same data as those of Fig. 4(a) but independent of oil-in temperature. As previously discussed, bearing temperature is an inverse function of lubricant flow rate and independent of the lubricant delivery system. It can be reasonably concluded that a specified bearing temperature can be maintained with less oil flow using air-oil mist providing the oil-in temperature is kept low. However, at the higher speed of 65 000 rpm (2.3x10 6 DN), the air-oil mist lubrication system becomes marginally effective to maintain beming temperature. This necessitates the need to use either oil-jet lubrication or under-ring lubrication (pinel et al. (12) .
For air-oil mist lubrication, the inner-ring temperature is higher than that of the outer ring. This difference in temperature between the inner and outer rings was nominally less than 12°C (22 oF). Higher heat generation would be expected at the ball inner-race Hertzian contact because of the contact kinematics.
For oil-jet lubrication, the outer-ling temperature is higher than the inner-ring temperature. The same relation was reported in Pinel et al. (12) for under-ring lubrication. At a flow rate of 0.09 elmin at 50 000 rpm, the outer-ring temperature is less than 18°C (32 O F) higher than that of the inner ring. As lubricant flow rate is increased the temperature decreases and the inner-and outer-ring temperatures become nearly equal as shown in Fig. 4(a) .
The lublicant jets were aimed directly at the bearing inner raceway surface. The lower inner-ring temperatures for the jet and the inner-ring lubrication methods may be explained by more effective convective cooling.
Referring to Fig. 5 , bearing power loss as a function of oilflow rate is shown for both air-oil mist and oil-jet lubrication. The power loss data is based on mechanical measurements of bearing torque. Because of low oil flow with the air-oil mist lubrication system, it was not possible to thermally determine power loss. We reported in Pinel et a1. (12) that because of the differences in measurement techniques, the thermal measurements were consistently 0.2 kW (0.3 hp) higher than those determined mechanically with oil-jet lubrication. These data show that the power loss is a function of oil flow to the bearing and, for these tests, independent of the delivery system. Because a smaller oil flow is delivered with the air-oil mist system, the power loss is lower than that obtained with oil-jet lubrication. for air-oil mist ----.. Effect of Speed Figure 6 shows the effect of speed on bearing temperatu re and power loss. For a given oil-fl ow rate, bearing temperatu re and power loss increa e with increases in speed, independent of the lubrication deli very system. Referring to Fi g. 4(a), airoil mist lu bri cation results in hi gh-beating temperature because of a lower volume of oil delivered to the bearing than with oil jet. However, at 50 000 rpm, the lower power loss is approximately a third of that obtai ned for oil-jet lubrication and, fro m Pinel et al. (12) , for under-ri ng lubrication. From the data reported herein and those of Rosenlieb (9, 10) , it can be reasonably concluded that where the bearing temperature rise is solely caused from heat internally generated from within the bearing cavity, the maximum obtainable speed with air-oil mist lubrication is 2. 5x 10 6 DN.
M inimum Oil Flow
Referring to Fig. 4(a) , for air-oil mi st lubrication, at 2.3x 10 6 DN (65000 rpm). the minimum oil flow necessary to maintain a temperature of 260°C (500 O F) was approximately 0.02 ffmin. No attempt was made in these tests to determine at the other speeds a minimum or threshold fl ow rate below which the bearing temperature would exceed a temperature of260 °C (500 O F).
Schuller and Anderson (5,6) developed an empirical formula which we reconstituted relating minimum oil-flow requirements as a function of load and speed fo r successful ball beating operation for an air-oil mist lubrication system where Eq uati o n (1) was calibrated by us at 2.3 x 10 6 D N (65 000 rpm) and a flow rate ( \I) of 0.038 ffmin with the 35-mm-bore-angular-contact ball bearings reported herein whereby k = 9. 16x I0-32 . A resultant minimum oil-flow rate at of 17.4x lO-18 ffmin at 1 million DN is predicted using Eq. (1). This predicted oil-flow rate is significantly lower than the rate we used and experimentally determined by Schuller and Anderson (5,6) under comparable conditions. The relation in the brackets relating load, P, and speed, S, appears to us to be specific to the data of Schuller and Anderson (5) and does not appear to be universally applicable fo r predicting minimum oil flow with air-oil mist lubrication. 
Effect on Cage Speed
The cage (separator) epicyclic speed ratio for the angularcontact ball bearings changes with speed, load, and temperature. The difference between the cage epicyclic speed and the measured cage speed is indicative of ball slip as follows:
Cage slip is a function of the traction in the ball-race contact and the resistance to rolling within the beming. Experience has shown that both ball and roller bearings can tolerate reasonable amounts of rolling element to raceway slip provided that a sufficient EHD film is maintained in the ball-race contact. However, under mm'ginallubrication conditions, such slip can result in bearing damage and failure.
For the bearing used in this study, under a thrust load of 667 N (150 Ibs) and speeds of 30000,50000, and 65 000 rpm, the epicyclic cage speeds were calculated to be 13 600,24000, and 33 100 rpm, respectively. Based upon measured cage speed, the percentage of cage slip was calculated and plotted as a function of bearing speed for air-oil mi st lubrication and oil-jet lubrication in Fig. 7 . Cage slip increased with increases in speed. Values of cage slip as high as 7 percent were measured. There was no damage to the bearing surfaces as the result of cage slip. Contrary to what we expected, cage slip was generally higher with air-oil mist lubrication than with oil-jet lubrication.
Effect on Bearing Fati~e Life
We calculated the fatigue life as a function of speed based on measured ring temperature with oil-jet lubrication and underring lubrication for the 35-mm-bore-angular-contact ball bem'-ing used in this study. We reported and discussed the results in Pinel et a1. (12) . As is commonly expected, life decreased both in total revolutions to failure and in absolute hours as a function of speed.
Shanum and Kettleborough (4, 8) reported on endurance tests with air-oil mist lubrication and industrial sump lubrication systems. They reported that the air-oil mist lubricated bearings ran approximately 10 °C (18 OF) cooler than those with sump lubrication and with a 25-percent reduction in power loss. They ran endurance tests with 60-mm-bore-angular-contact ball bearings at 2400 rpm (144 000 D N) and a thrust load of 18 900 N (4250 Ibs) using an air-oil mist lubrication system and a synthetic ISO Grade 68 oil. They compared their results with those calculated for the same bearing using an oil sump lubrication system with a mineral oil base lubricant. They concluded that longer life is obtained with air-oil mist NASAfTM-2001-2 1 0462 9 lubrication with the synthetic lubricant than with the same beari ngs operated wi th the mineral oil and a sump lubrication system. For a given beming load and speed, the bearing life is affected by the internal diametral clearance at operating temperature and the EHD film thickness. The method of lubrication used can and apparentl y does affect these parameters. Thus, while the Shanum and Kettleborough (4,8) conclusion is con'ect for their expelimental conditions and assumptions made for their calculations it may not always be con-ect for other beating operating conditions. .g: 4.00 Based upon oil-in temperature and lubricant flow rate, bearing temperature can to some reasonable degree of engineering certainty be controlled. Bearing life will be a function of the resulting bearing temperature and the difference in temperature between the inner and outer rings. We calculated bearing lives at three speeds, 30 000, 50000, and 65 000 rpm and four hypothetical temperature combinations. These inner-ring and outer-ring temperature combinations were 154 and 143°C (3 10 and 290 OF); 149 and 149 °C (300 and 3 00 OF); 143 and 154°C (290 and 310 O F) and 138 and 138°C (280 and 280 OF). The hotter inner-ring temperature represents what might be obtained with air-oil mist lublication while the hotter outer-ring temperature is more representative of our results with oil-jet lubrication. The assumption of both rings being of equal temperature can occur with both methods of lubrication. The lower ring temperature of 138°C (280 OF) represents the lower temperatures obtainable with either lubrication method under the same operating conditions.
The results of the bearing life analysis are summarized in Table 3 . Based upon a lower operating temperature of 138 °C (280 OF) at 30 000 rpm, the bearing would theoretically have a 56 percent increase in life over the bearing operated at 149°C (300 O F). As speed is increased, the life differences decrease. At 65 000 rpm, the difference in life is 9 percent. It can be reasonably concluded that because gross bearing temperatures with air-oil mist lubrication are generally higher than that with oil-jet lubrication, a lower bearing life may occur for a given operating condition.
Where the bearings were assumed to be nominally at the same temperature, the oil-jet lubricated bearing at 30 000 rpm having a lower inner-ring temperature, can have a theoretical life 47 percent greater than the air-oil mist lubricated bearing. At 50 000 and 60 000 rpm, the life differences are insignificant. From this analysis and the measured temperatures, it may be assumed that where higher bearing temperatures occur with air-oil mist lublication, lower bearing life will result.
GENERALCO~ENTS
According to Bloch and Shanum (4), air-oil mist lubrication systems have been in use since the 1930's. They descri be the state-of the-art of air-oil mist lubrication systems and discuss their applications. The econonucs for using air-oil mist is compelling based upon acquisition and operating costs as well as simplicity of design. However, the operating speeds for which they reported rolling-element bearing operating data were relatively low, around 200 000 DN. The air-oil mist lubrication bearing data reported by Schuller and Anderson (5) was up to 1.2x 10 6 DN. The work reported by Rosenlieb (9, 10) extended rolling-element bearing operating speed with air-oil mist lubrication to 2.5x10 6 
DN.
The data reported herein for both air-oil mist lublication and oil-jet lubrication were for bearing operation where the bearing temperature and power loss were caused from frictional heat generation internal to the bearing. It cannot be assumed a pliori that a specific lubrication system will result in lower or higher bearing temperatures, power loss, and higher or lower lives than other lubrication systems. The total thermal environment of the bearing must be considered. As an exanlple, if there is an external heat source such as a hot section of a turbine engine, an air-oil mist lubrication system may not have sufficient heat transfer capacity to maintain the required operating temperature for the bearing. A thermal and heat transfer anal ysis as well as a bearing fit-up study needs to be undertaken before a commitment is made to a specific lubrication system.
Another issue that must be considered is the EHD film thickness in the ball-race contact. If the calculated lives of Table 3 were extrapolated to 10 000 rpm without further calculation offilm thickness , it would be concluded that the life of the bearing would be 3100 hr air-oil mist lubrication and 1500 hr oil-jet lubrication. However, at 10 000 rpm and temperatures of 138 and 149°C (280 and 300 oF), the EHD film thickness is sufficiently low wherein the bearing operates in the boundary lubrication regime. Accordingly, the calculated bearing lives for both lubrication systems are the same, 1493 hr. The effects oflubricant additives, which are known to affect bearing life, were not addressed in this program.
For high-speed turbomachinery applications an issue of stray (oil) mist must be addressed. As described by Bloch and Shamim (4), as oil mist passes through the bearing larger oil particles are deposited on the bearing surfaces. However, smaller particles of oil go out with the air. These smaller particles are called stray mist. Bloch and Shamim (4) report that 40 to 60 percent of the oil may go out as stray mist.
